Two mutant strains of beet necrotic yellow vein virus (BNYVV) containing deletion mutants of RNA-2 were produced during serial passage in mechanically inoculated Tetragonia expansa leaves. The mutant strains were referred to as S-0a (RNA-1 +2a) and G-0b (RNA-1 +2b). RNA-2a and RNA-2b were about 4.3 kb and 4-2 kb in length, respectively, whereas normal sized RNA-2 was about 4.8 kb in length. In vitro translation and immunoblot analysis showed that RNA-2, RNA2a and RNA-2b all directed synthesis of the coat protein (Mr 22K). However, whereas wild-type RNA-2 also directed the synthesis of a coat protein readthrough protein with an Mr of 83K (predicted Mr 75K), RNA-2a and RNA-2b directed the production of readthrough proteins with Mrs of 67K and 58K, respectively. This suggests that the deleted regions of RNA-2a and RNA-2b occur within the second open reading frame, which encodes a polypeptide of Mr 54K, which is translated by readthrough of the coat protein cistron. After the addition of wild-type RNA-3 and RNA-4 to all the strains, the mutant strains could not be transmitted by Polymyxa betae zoospores produced from either zoosporangia or resting spores, whereas the wild-type strains were readily transmitted. These results indicate that the 75K readthrough protein encoded by RNA-2 is essential for the transmission of BNYVV by P. betae.
Introduction
Beet necrotic yellow vein virus (BNYVV), the causal agent of the rhizomania disease of sugarbeet, is transmitted by the soil-inhabiting plasmodiophoromycete fungus Polymyxa betae (Tamada & Baba, 1973; Tamada, 1975) . The genome of BNYVV contains four or five RNA species designated RNA-1 to RNA-5 in order of decreasing size . BNYVV RNA-1 [6746 nucleotides (nt) excluding the poly(A) tail] contains a single long open reading frame (ORF) encoding a polypeptide of 237K, which has domains of sequence homology with RNA replicases of other viruses (Bouzoubaa et al., 1987) . RNA-2 (4612 nt) of BNYVV contains six ORFs, of which the coat protein cistron is the closest to the 5' terminus . The coat protein cistron UAG termination codon can undergo translational suppression to produce a polypeptide of Mr 75K which has the coat protein sequence at its N terminus. The 3' half of the RNA-2 sequence contains four additional ORFs, the functions of the products of which are not known.
BNYVV RNA-1 and RNA-2 are needed for virus infection, whereas the other smaller species, RNA-3 (1774 nt), RNA-4 (1467 nt) and RNA-5 (1.4 kb), behave like satellite RNA molecules in mechanically inoculated leaves of host plants (Bouzoubaa et al., 1985; Koenig et al., 1986; . RNA-3 causes proliferation of rootlets of sugarbeet and facilitates spread of the virus in root tissue Tamada et al., 1990) , whereas RNA-4 is required for efficient BNYVV transmission by P. betae . However, our observation that BNYVV isolates lacking RNA-4 are transmitted by P. betae, although infrequently, suggests the possibility that RNA-1 and/or RNA-2 may contain other genetic information affecting fungal transmission. To examine this possibility, spontaneous deletion mutants of RNA-2 were tested for fungus transmissibility. In this paper, we present evidence that the 75K readthrough product encoded by the second ORF of RNA-2 is essential for transmission of BNYVV by P. betae.
Methods
Virus isolation, propagation and inoculation. The laboratory isolates of BNYVV S-34 (RNA-I + 2 + 3 + 4) and S-0 (RNA-I + 2), and field
The virus isolates were propagated in inoculated T. expansa leaves in a glasshouse. Leaf extracts for use as virus inoculum were made in 0.1 Mphosphate buffer pH 7.4, containing 0.5% 2-mercaptoethanol.
Virus purification and RNA extraction. The virus particles were purified from inoculated T. expansa leaves as described by . BNYVV-inoculated leaves were homogenized in 0.5 Msodium borate buffer pH 9.0 containing 1 mM-Na2EDTA. The extract was filtered through cheesecloth and centrifuged at 8000 g for 10 min. After addition of Triton X-100 to 2%, the supernatant fluid was layered onto a pad of 6 ml of 20% sucrose in grinding buffer and centrifuged at 92400 g (Centrikon TFT 70.38 rotor) for 1 h at 4 °C. The resulting pellet was resuspended in distilled water (one-tenth of the original volume) and the suspension of virus particles was frozen at -20 °C until needed. For immunoblot analysis, the virus particles were further purified by centrifugation at 83 500 g (Centrikon TST 28.38 rotor) for 3 h in gradients of 10 to 40% sucrose in 0.05 M-Tris-HCI pH 8-0.
Purified virus was dissociated in 2% SDS, 30 raM-sodium phosphate pH 7.2, 1 mM-NazEDTA at 60 °C for 5 min. Protein was removed by phenol extraction and RNA was precipitated from ethanol at -80 °C overnight and pelleted by centrifugation. After washing with cold ethanol, the RNA was suspended in distilled water and used for cellfree translation.
Agarose gel electrophoresis ofRNA. After phenol extraction, RNA in the aqueous phase was denatured by incubation at 65 °C for 10 min in 2.2 M-formaldehyde at pH 7.0 and electrophoresed in 1.3% agarose (Takara, Type H 14) tube gels (7 mm x 110 mm) at a constant current of 6 mA/tube for 2 to 2.5 h . After electrophoresis, the gels were stained with 0-005% "Stains-air (Eastman Kodak) in 50% formamide and destained in water under dim light.
Northern blot hybridization. Northern blot hybridization tests were done using digoxigenin-labelled DNA probes specific to RNA-1, RNA-2, RNA-3 or RNA-4 . RNA samples were prepared from virus particles purified partially from inoculated T. expansa leaves or from rootlets of Beta macrocarpa or sugarbeet seedlings.
SDS-PAGE of protein.
Protein was denatured in 2% SDS, 1% 2-mercaptoethanol, 50 m~-Tris-HC1 pH 8.8, 15~ sucrose (SB) at 100 °C for 5 min and analysed by electrophoresis in 12.5% polyacrylamide gels as described by Laemmli (I 970) . Gels were stained in 0-2 % Coomassie blue R in 50% methanol, 7% acetic acid, and destained in 50% methanol, 3-5% acetic acid.
Translation in rabbit reticulocyte lysate and immunoprecipitation. Cellfree translation was done by the procedure of Shirako & Ehara (1986) . Translation reaction mixtures (50 lal) contained 40 pl rabbit reticulocyte lysate (Amersham), 1 ktg RNA, 10 ~tCi [3sS]methionine (approx. 1000 Ci/mmol; Amersham). Mixtures were kept at 30 °C for 60 min and the reaction was stopped by adding an equal volume of 2 x SB. Samples were then heated in boiling water for 5 min. lmmunoprecipitation was done as described by Dougherty & Hiebert (1980) and Shirako & Ehara (1986) . Antigen-antibody complex was adsorbed to Immunoprecipitin (BRL) at room temperature for 30 rain. The cells were washed three times by centrifugation at 8000 g for 10 rain, suspended in 1 x SB and heated at 100 °C for 5 min. The suspension was centrifuged, and the supernatant fluid was analysed by SDS-PAGE and autoradiography.
lmmunoblotting analysis. An extract of 0-1 g of infected leaf tissue of T. expansa or B. macrocarpa in 1 rnl SB was heated at 100 °C for 5 min and centrifuged at 8000 g for 10 rain. The supernatant fluid was subjected to SDS-PAGE. After electrophoresis, proteins were transferred to a nitrocellulose sheet (Toyo), which was treated as described by Towbin et al. (1979) , with BNYVV antiserum as the first antibody. Samples of purified BNYVV particles were used for immunoblotting.
Fungal transmission tests. The isolate (P-l) of virus-free P. betae used in this experiment was maintained in roots of sugarbeet seedlings and kept as resting spores in dried rootlets, as described by . Sugarbeet (B. vulgaris cv. Monohill) and B. macrocarpa seedlings were used as test plants for fungus transmission tests. They were grown in special test tubes (24 mm wide, 120 mm long with a drainage hole) filled with quartz sand. The seedlings (one plant per test tube) were supplied every day with modified Hoagland and Arnon solution, pH 7.0, and grown in a growth cabinet at 25 °C with a 16 h light/8 h dark cycle . To prepare inocula of P. betae, fresh (0-2 to 0-5 g) or dried rootlets containing numerous resting spore clusters were ground in a small volume of distilled water with a pestle and mortar and this was then made up to 20 to 50 ml. Unless otherwise stated, inoculation was done by pouring the crude homogenate into test tubes (2 to 3 ml/tube), in which the seedlings were grown or seeds were then sown. For zoospore inoculation, a zoospore suspension was obtained by collecting water drained from the bottom of test tubes into which nutrient solution had been poured; this inoculum was added to test tubes in which young sugarbeet seedlings (two-to three-leaf stage) were growing. Numbers of zoospores in the suspensions were not counted because precise quantification is difficult. Each experiment also included control treatments, which consisted of uninoculated seedlings and seedlings inoculated with virus-free P. betae grown in test tubes at the same time. Infection with P. betae was checked by observing the resting spore clusters in root cells at the end of the experiment.
Detection ofBNYVV. BNYVV infection was determined by ELISA and, when necessary, by inoculation into T. expansa leaves. The BNYVV content of root extracts was calculated by interpolating the absorbance on a plot of absorbance against concentration of purified virus.
Results

Production of deletion mutants of RNA-2
When isolates of BNYVV are passed serially by mechanical inoculation of Chenopodium quinoa or T. expansa, the smallest RNA species, RNA-3, RNA-4 and RNA-5, may undergo deletion (Bouzoubaa et al., 1985; Kuszala et al., 1986; Koenig et at., 1986; . We therefore tried to produce deletion mutants of RNA-2 in the same way. Isolate S-0, containing RNA-I and RNA-2 (Fig. 1 , lane 1), was passed serially by mechanical inoculation to T. expansa leaves and the RNA extracted from virus particles in inoculated leaves was analysed by agarose gel electrophoresis. After 17 serial passages in T. expansa leaves over a period of 3 years, the two bands produced by RNA-1 and RNA-2 were accompanied by a small amount of RNA smaller than RNA-2. Northern blot hybridization tests showed that this abnormally small RNA hybridized with cDNA probes specific to RNA-2 (data not shown), indicating that it was derived from RNA-2. By further single lesion isolation, six mutants containing only RNA-1 and a shortened RNA-2 were selected; RNA-2 was the same size in all six. These mutants were stable for five or more successive passages in T. expansa leaves. This type of 
Characterization of the deletions in RNA-2
In inoculated leaves of T. expansa, S-0a caused faint chlorotic spots, as did S-0, whereas G-0b induced concentric rings or sometimes faint chlorotic spots which varied with the environmental conditions. Lesions caused by S-0a or G-0b became somewhat larger than those induced by S-0.
In vitro translation experiments Ziegler et al., 1985) and nucleotide sequence analysis of RNA-2 have shown that the coat protein cistron is at the 5' extremity of RNA-2 and a 75K polypeptide (predicted from cDNA sequence data) arises by partial readthrough of the coat protein cistron termination codon. They have also shown that the coat protein and the 75K readthrough polypeptide are immunoprecipitated by antiserum against BNYVV particles. Fig. 2 shows an autoradiogram o f BNYVV R N A translation products in rabbit reticulocyte lysate Fig. 2. BNYVV RNA translation products in rabbit reticulocyte lysate after precipitation with BNYVV antiserum. Total (lanes 1 to 3) and immunoprecipitated (lanes 4 to 6) translation products were analysed by SDS-PAGE and autoradiography. Lanes 1 and 4, S-0 RNA; lanes 2 and 5, S-0a RNA; lanes 3 and 6, G-0b RNA. Numbers indicate the Mr of the major products, estimated by relative mobility of marker proteins.
after precipitation with BNYVV antiserum. Total translation products of S-0 were polypeptides of Mr 200K, 83K (corresponding to 75K) and 22K, whereas those of S-0a were polypeptides of Mr 200K, 67K and 22K, and those of G-0b were polypeptides of'Mr 200K, 58K and 22K (Fig. 2, lanes 1 to 3) . The MrS of the polypeptides were estimated by mobility comparison with prestained Mr marker proteins. Polypeptides of 83K and 22K, 67K and 22K, and 58K and 22K from the R N A translation products of S-0, S-0a and G-0b, respectively, were immunoprecipitated from the individual translation mixtures with BNYVV antiserum, but the 200K polypeptide was not (Fig. 2 , lanes 4 to 6). These results indicated that RNA-I of these three isolates directs the synthesis of a single product of 200K, whereas RNA-2 produces polypeptides of 83K and 22K, 67K and 22K, and 58K and 22K. It also suggests that the deleted regions in RNA-2 of both S-0a and G-0b occurred within the second ORF, which encodes the 54K polypeptide and is translated following the coat protein cistron. Immunoblot analysis (Fig. 3 ) also showed that, in extracts of leaf tissue infected with S-0, S-0a and G-0b, BNYVV antiserum reacts with the 83K, 67K and 58K polypeptides, respectively, as well as reacting strongly with coat protein (22K).
To examine whether the readthrough proteins of 83K, 67K and 58K detected in infected leaves were present in 7". Tamada and T. Kusume virus particles, immunoblotting tests were done using proteins extracted from purified virus particles of S-0, S-0a and G-0b. Protein (l ng) was detectable in the tests, but no band corresponding to the 58K, 67K or 83K proteins was visible in the lanes, even when 10 ~g of protein was used (data not shown). This suggests that the readthrough protein of BNYVV could not be assembled into virus particles with the 22K protein.
However, the possibility that there are interactions between the readthrough protein and the coat protein in virus particles cannot be ruled out.
Transmission oJ isolates containing deleted RNA-2 by Polymyxa betae
Previous work on fungal transmission of BNYVV has shown that isolates containing RNA-3 and RNA-4 are efficiently transmitted by P. betae and are very stable . Therefore, for fungal-transmission tests, new virus isolates were produced which contained RNA-3 and RNA-4 along with R N A -I and a deletion mutant of RNA-2. In preliminary tests, mixtures of the deletion mutant G-0b and the laboratory isolate S-0 were inoculated into T. expansa leaves. When sap from the inoculated leaves was inoculated serially by mechanical inoculation, the full-sized RNA-2 of S-0 disappeared (Fig. 4) and was replaced by the mutant RNA-2, which was produced preferentially. This method was also used to obtain virus isolates containing RNA-3 and RNA-4 derived from a different field isolate (RNA-I + 2 + 3 + 4) (Fig. 5 , Table 1 ). In cultures to which RNA-3 and RNA-4 had been added, the source of RNA-I could have been either the mutant strain or the wild-type strain, or both, because RNA-I of the different strains was indistinguishable by gel electrophoresis and analysis of the in vitro translation products. The first set of transmission experiments was done as described by T a m a d a & . Laboratory isolate S-34 (RNA-I + 2 + 3 + 4) and mutant strain G-0b, in which RNA-3 and RNA-4 derived from isolate S-34 were contained, were used as inoculum sources. The virus was mechanically inoculated into the roots of healthy sugarbeet seedlings (three-to four-leaf stage). The seedlings were then transplanted into test tubes and, at the same time, virus-free P. betae was introduced. After growth for 47 days, fresh crude homogenates from the rootlets, in which the virus was detected, were used to contaminate the roots of healthy sugarbeet seedlings (two-to three-leaf stage). All 16 plants contaminated were infected with the control isolate S-34 40 days after inoculation, whereas only one plant of 29 contaminated was infected with the mutant strain containing RNA-1 + 2b + 3 + 4 (data not shown). Moreover, the virus concentration in the rootlets of the plant infected with the mutant strain was low. A further inoculation was then made using fresh homogenates of the infected rootlets as an inoculum but the virus was not transmitted (data not shown). Therefore, the one mutant strain infection obtained was probably caused by chance. In a second set of experiments, seedlings of B. macrocarpa, which is a systemic host of virus following mechanical inoculation, were used as the source for virus acquisition by P. betae (Table 1) . The virus was mechanically inoculated into all expanded leaves of B. macrocarpa seedlings (four-to five-leaf stage), which were grown in test tubes. On the same day, virus-free P. betae was used to infest the roots of the seedlings. All virus isolates had induced systemic symptoms 8 to 12 days after inoculation and severe stunting and mosaic subsequently developed. Inocula containing RNA-2b showed a slight increase in the time needed to produce symptoms. However, the virus usually invades the roots of B. macroearpa a few days before systemic symptoms appear. The fungus P. betae also grew well in this host plant and produced numerous resting spore clusters in root epidermal cells.
Thirty to 40 days after virus and fungus inoculation, crude homogenates of B. macrocarpa roots infected with both virus and fungus were poured into test tubes in which sugar-beet seeds were then sown. Infection of the sugarbeet seedlings was assessed after 33 to 40 days (Table 1) . P. betae failed to transmit the mutant strains containing either RNA-2a or RNA-2b, even when they contained RNA-3 and RNA-4. In contrast, 100% transmission was obtained with control isolates of BNYVV. The virus concentration in the B. macrocarpa roots used as inocula was slightly lower for the mutants * Cultures of wild-type virus and deletion mutants used as inocula were produced as shown in Fig. 5 (lanes 1, 4 and 5) . B. macrocarpa seedlings mechanically inoculated with BNYVV and, at the same time, with virus-free P. betae were used as sources of zoospore inocula.
t Over 1 week zoospore suspensions (drained water) were collected every day from the bottom of the test tube and immediately poured into test tubes containing the same young sugarbeet seedlings (three seedlings/one source plant).
:~ Transmission to sugarbeet seedlings. Virus infection was assessed by ELISA 30 to 34 days after inoculation of zoospore preparations. The number of sugarbeet seedlings in which the virus was detected/number inoculated was recorded.
than for the wild-type isolates (Table 1) , but this is unlikely to cause the loss of fungal transmissibility. We also confirmed by gel electrophoresis and Northern blot hybridization that RNA components contained in B. macrocarpa roots were the same as those in initial inoculum sources.
In other transmission tests, P. betae was able to transmit a virus isolate containing a small amount of normal-sized RNA-2 and a large amount of deleted RNA-2 (RNA-2a), in addition to RNA-3 and RNA-4 (data not shown). However, Northern blot hybridization showed that the rootlets of sugarbeet seedlings infected with this isolate contained normal-sized RNA-2 but not deleted RNA-2. This result indicates that deleted RNA-2, even when present together with normal RNA-2, was not carried by the fungus.
In the experiments described above, the virus seemed to be transmitted by zoospores produced by resting spores. Further experiments were made to ascertain whether the deletion mutants were transmitted by zoospores from zoosporangia. As previously, B. macrocarpa seedlings, into which the virus and fungus were inoculated, were used to produce the inoculum for sugarbeet seedlings. In preliminary tests, water drained from the bottom of the test tubes in which the inoculated B. macrocarpa seedlings had been grown showed a high infectivity, e.g. the virus was transmitted when only 2 to 3 ml of fluid, drained off 12 days after inoculation of B. macrocarpa seedlings, was inoculated into sugarbeet seedlings. Table 2 shows the results of further tests in which zoospore suspensions collected during different periods after inoculation were inoculated successively every day for 1 week into the same sugarbeet seedlings to increase the chance of infection. Mutant strains containing either RNA-1 + 2a + 3 + 4 or RNA-1 + 2b + 3 + 4 were never transmitted by zoospores produced from zoosporangia. In fungus inoculation conditions, many zoosporangia of P. betae are found in epidermal cells of rootlets of sugarbeet or B. macrocarpa seedlings 1 week after inoculation and resting-spore clusters are observed 2 weeks later. Moreover, the resting spores can liberate zoospores after rupture or decay of the host cell wall. In this experiment, therefore, transmission of the wild-type isolate was thought to be caused by zoospores produced from zoosporangia. In other control tests, neither the wild-type nor deletion mutant strain was transmitted in water drained from the bottom of test tubes in which B. macrocarpa seedlings had been inoculated by the virus but not by the fungus (data not shown).
Discussion
Our previous work has shown that RNA-4 is required for efficient transmission of BNYVV by the fungus P. betae . In this paper, we provide further evidence that RNA-2, which encodes the coat protein cistron at its 5' end followed by the readthrough polypeptide , play a major role in fungus transmission of BNYVV. The fungus P. betae was unable to transmit virus isolates containing RNA-2 which had partial deletions of the ORF for the coat protein readthrough polypeptide. The inocula used for the transmission experiments were not derived from single lesion isolates and therefore could contain mixtures of RNA-1 from both the wild-type and the mutant strains. Since it cannot be certain that RNA-1 of S-0a or G-0b did not contain a mutation, the possibility that RNA-1 affects fungal transmission cannot be excluded.
In vitro translation and immunoblot analysis showed that deletions of about 500 nucleotides in RNA-2a (S-0a) and about 600 nucleotides in RNA-2b (G-0b) occurred within the ORF II portion of RNA-2 ( Fig. 2 and 3 ; Bouzoubaa et al., 1986) . It is interesting that these two mutants had a deletion in a similar region, although the possibility cannot be excluded that the deletion may include part of some ORF other than that for the 75K readthrough protein. These mutants also resemble a mutant strain of soil-borne wheat mosaic virus (SBWMV) which has a 1050 nucleotide deletion in the virus coat protein readthrough region of RNA-2 and likewise was selected during successive mechanical transfers (Shirako & Brakke, 1984; Shirako & Ehara, 1986) . Thus these regions of the readthrough protein may not be important for the multiplication and infectivity of the viruses. Although it is not clear whether the deletion mutants of SBWMV are transmitted by the fungal vector P. graminis, it is worth noting that BNYVV and SBWMV have similarities in genome organization and biological properties. Sequence analysis of the mutants of BNYVV RNA-2 and SBWMV RNA-2 will provide further information on the deletion mechanism; it is possible that the deletion forms of BNYVV RNA-3, RNA-4 and RNA-5 are produced by a similar mechanism (Bouzoubaa et al., 1985; .
We observed that the mutant containing RNA-1-I-2b-t-3 + 4 required a little longer than normal to induce systemic symptoms in B. macrocarpa following manual inoculation, but the mutant containing RNA-1 + 2a + 3 + 4 did not. In addition, symptoms produced in B. macrocarpa by these mutants were slightly milder than those produced by wild-type virus. Moreover, the virus concentration of deletion mutants in B. macrocarpa roots was slightly lower than that of wild-type virus (Table 1) , whereas there was little difference in leaves. In contrast, SBWMV deletion mutants caused more severe symptoms in wheat plants than the original wild-type virus (Shirako & Brakke, 1984) . These results suggest that the readthrough protein of BNYVV or SBWMV may influence the ability of the virus to spread in plant tissue, although the effect may be small. Thus, the loss of fungal transmissibility of the BNYVV mutants cannot be attributed to inadequate virus concentration in source roots. It seems to be caused by the defect in the readthrough protein.
It is generally accepted that BNYVV and SBWMV are carried internally in the resting spores of the fungus vector (Rao & Brakke, 1969; Tamada, 1975; Abe & Tamada, 1986 ) and do not multiply in the fungus (Abe & Tamada, 1986) . Our data show that zoospores produced from zoosporangia developing within virus-infected rootlets following manual inoculation transmitted the wild-type virus efficiently, but were unable to transmit the deletion mutants (Table 2 ). In addition, P. betae did not transmit either wild-type virus or the deletion mutant when the purified virus particles were added to zoospore suspensions (Abe & Tamada, 1986; T. Tamada, unpublished data) . Taken together, these results indicate that the virus is carried internally in zoospores from zoosporangia as well as from resting spores, suggesting that it is transmitted in the same manner by either of these phases of its life-cycle and that the 75K readthrough protein must play some key role in both. Little is known of how the fungus acquires and transmits BNYVV. Presumably, virus which has multiplied in root cells containing immature fungal thalli (plasmodia stage) passes through the limiting membrane of the thallus, accumulates and is later released in zoospores produced from the mature thallus (zoosporangia and resting spores) (Teakle, 1983) . If this explanation is correct, can the particles of a virus strain with a defective readthrough protein pass through the membrane of the fungus and can they attach to the membrane surface inside the fungus? Furthermore, how does the 31K protein, which is encoded by RNA-4, greatly increase virus transmissibility by the fungus? Further work is needed to clarify these interesting questions.
This paper provides the first direct proof that a coat protein readthrough protein plays a key role in vector transmission of a plant virus. However, a complementary role for virus coat protein in transmission by P. betae cannot be ruled out, if only because the 75K readthrough protein contains the coat protein at its N terminus and both the 75K and coat proteins occur in all subceUular fractions of infected plants (Niesbach-K16sgen et al., 1990) . Readthrough proteins from the coat protein gene also occur in luteoviruses (Miller et al., 1988; Veldt et al., 1988; Mayo et al., 1989; Bahner et al., 1990) , in which the specificity of aphid transmission (persistent manner) depends on the coat protein (Rochow, 1970) . Interestingly, there is a similarity between a portion of the amino acid sequence of the BNYVV readthrough protein and a region in the 50K ORF of barley yellow dwarf luteovirus (Miller et al., 1988) . Moreover, Bahner et al. (1990) have shown that the 56K readthrough protein of potato leaf roll luteovirus is present in virus particles and may contribute to properties of the virus determined by its surface structure. This strongly suggests the possibility that this readthrough protein of luteoviruses is involved in vector (aphid) transmissibility. Thus, there may be similarities in the mechanism of vector transmission of furoviruses and luteoviruses, both of which are transmitted in the persistent manner. Also, it is known in some instances that virus proteins other than coat proteins play an important part in the vector transmission of various plant viruses. For example, the non-persistent aphid transmission of potyviruses and caulimoviruses requires virus particles and a virus-encoded non-structural protein called helper component, which is present in virusinfected plants (Kassanis & Govier, 1971; Pirone & Thornbury, 1984; Armour et al., 1983) ; the persistent aphid transmission of pea enation mosaic virus needs an extra protein in virus particles (Hull, 1977; Adam et al., 1979) . Thus, it is becoming clear that in several virus groups vector transmission is governed by interactions between virus particle proteins and virus-encoded proteins, which are not needed for the integrity of the virus particles. The extensive evidence that coat protein plays an important role in transmission (Harrison & Murant, 1984; Harrison & Robinson, 1988 ) is therefore only part of the story.
